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(71) We, WILLIAM M. BROWN, 25 
Murphy Road, Hudson, Massachusetts, 
United States of America; JOHN M. 
RUDDY, 42 Pantry Road, Sudbury, Massa- 
5 chusetts, United States of America; and 
• ROBERT T. DUNN, 4 Cedar Ridge Drive, 
Bedford, Massachusetts, United States of 
America, all citizens of die United States of 
America, do hereby declare the invention, for 

,u which we pray that a Patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 

by die following statement : 

This invention relates to telephone exten- 

'5 sion systems providing a portable or mobile 
extension telephone which communicates over 
AC power wires. More particularly, the pre* 
sent invention provides apparatus for com- 
municating over AC power wires between an 

^ extension telephone and a conventional tele- 
phone line. 

According to the present invention, there 
is provided, a power line telephone extension 
system in a subscriber's premises wired with 

« AC power wires, comprising a subscriber's 
telephone line entering the premises from a 
conventional telephone system, the subscribers 
line including a trip wire and ring wire, a 
master station coupled to the trip and ring 

30 wires and coupled to the power wires by a 
reactive coupling circuit, and an extension 
station coupled to an extension telephone and 
coupled to the power wires, at least one of 
the said stations being arranged to modulate 

35 telephone signals on to a carrier and to couple 
the modulated carrier into the power wires, 
and at least the other of the stations being 
arranged to detect and demodulate the modu- 
lated carrier to reconstitute the telephone 

40 signals. 

The invention will be described in more 
detail, by way of example, with reference to 
the accompanying drawings, in which : * 
Figure 1 is a pictorial representation of an 

45 extension telephone system including two 
extension telephones which communicate with 
a conventional telephone line via available AC 
power wires and a conventional on line tele- 



phone which communicates with the «nw> 
telephone line; so 

Figure 2 is an electrical block diagram 
showing the principal electrical circuits at 
the master station between the telephone line 
and the available AC power wires; 

Figure 3 is an electrical block diagram 55 
showing the principal electrical circuits at 
one of the extension telephone stations which 
couple die extension telephone to the AC 
power wires for communication with the tele- 
phone line and the on line telephone; 60 

Figure 4 is a detailed electrical block dia- 
gram of the master station transmit-receive 
unit; 

Figure 5 is a diagram showing the sequence 
of cradle switch, transfer/hold and other sig- 65 
nals that initiate coupling of the system to 
the subscriber's telephone line; 

Figure 6 is a detailed electrical block dia- 
gram of the extension station transmit-receive 
unit; and 70 

Figure 7 is a circuit diagram of a conven- 
tional battery telephone transmission network 
of the type used in many conventional tele- 
phone handsets and which is for example, the 
ITT type 75335-1 network, and is suitable 75 
for use in the master station transmit-receive 
unit 

The embodiment of the invention includes 
one or more extension telephones, each equip- 
ped with an extension transmit-receive unit 80 
(extension TR unit) enabling the extension 
phone to couple directly to the available AC 
power wires, and a master transmit-receive 
unit (master TR unit) at the master station 
which connects directly to the available AC 85 
power wires and also couples to the telephone 
line on which there is a conventional on line 
telephone. This system is illustrated pictori- 
ally in Figure 1. The master TR unit serves 
as an interface between the subscriber's line 90 
and the available AC power wires. These 

!>ower wires act as a transmission medium 
or the signals on the telephone line and carry 
these signals to the extension telephone 
stations and also carry signals from the ex* 95 
tension telephone stations to the telephone 
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line. Any number of extension telephones may 
be used in this system, each transmitting a 
different extension carrier frequency, and to 
initiate operation, it is only required that the 
5 extension TR unit of the extension telephone 
be plugged into the AC power wires. Thus, 
every AC power outlet connected to the 
power can be used as an extension telephone 
station. With this system in operation, all 
10 telephone line signals at the subscriber's tele- 
phone line art fed to the extension telephones 
which are plugged into the AC power wires. 
Furthermore, by virtue of the operation of 
the extension and master TR units, calls can 
15 be placed by the subscriber on the telephone 
line from any of the extension stations which 
are plugged in, and any extension station 
can communicate directly with the telephone 
line whether or not the subscriber's conven- 
20 tional telephone is connected to the line. In 
addition, extension stations which are plugged 
into the AC power wires can communicate 
with each other without any actuation or use 
of the subscriber's conventional on line tele- 
25 phone at the master station. Also, a call can 
be held by the extension telephone and the 
extension phone can be unplugged (discon- 
nected from the system), moved and plugged 
in again to continue the calL 
30 Turning to Figure 1, there is shown the 
subscriber's telephone line 1 and the sub- 
scriber's on line telephone 2 (herein called 
the master telephone). Both the telephone line 
and the master telephone are or conven- 
35 tional design and are usually provided by the 
local telephone company. For purposes of 
example, the telephone system described 
herein is a conventional system sometimes re- 
ferred to as a common battery telephone sys- 
w tern which provides a telephone line to each 
subscriber. The subscriber s telephone is on 
the line at all times and is energized by direct 
current over the telephone line from a central 
telephone switching system which may be a 
45 PBX, panel, step by step, crossbar or elec- 
tronic switching system. 

In a preferred embodiment of the present 
invention, both the telephone line 1 and the 
line 3 from the master telephone connect 

50 together through a master station connector 
4. This connector is merely a feed through 
with respect to lines 1 and 3. In addition, 
the connector provides telephone line connec- 
tion to the master station TR unit 5. This 

55 connection is line 6 and may be no different 
than the telephone line connection to a con- 
ventional telephone line extension phone. 
Hence, the connector 4 may be a conventional 
telephone extension receptacle. 

60 The master station TR unit, connects 
directly to the available AC power wires 7. 
This connection is conveniently through a 
conventional AC power receptable 8 and in- 
cludes a power cable 9 from the master unit 



with a conventional plug 10 at the end of this 65 
wire to accommodate the receptacle. 

The master TR unit performs numerous 
functions. For example, it is a buffer between 
the telephone line 1 and the AC power wires 
7 so that there is no direct mains frequency 70 
AC electrical connection between the tefc- 
phone line wires and the power wires. In 
addition, the master unit imposes a conven- 
tional impedance load on the telephone line, 
via line 6 and the connector 4> so that the 75 
telephone line is at all times electrically loaded 
as required by the central switching system, 
whether or not the subscriber's master tele- 
phone 2 is on the line. The structure and 
other functions of die master TR unit are 80 
more fully described herein. 

For purposes of example, two extension 
stations are shown in Figure 1, numbered I 
and II and both are plugged into the AC 
power wires via conventional power recept- 85 
acles. dearly, any number of extension 
stations can be added and any number can * 
be on the power line at the same tim*- Since 
all die extension stations may be the same, 
except that they generate and transmit dif- 90 
ferent extension carrier frequencies, only 
extension station number I is described herein 
in greater detail. 

The extension station includes an extension 
TR unit 15 which couples the extension tele- 95 
phone 12 to the extension station AC power 
outlet 18. This connection is made by an 
AC power connecting line 19 from the exten- 
sion unit with an AC plug 20 at the end of 
this cable which plugs into the receptacle 100 
18. The extension TR unit 15 and the ex- 
tension phone 12 are connected by lines 16. 
These lines, the extension unit and the exten- 
sion {A one are described herein in further 
detafl. 105 

The master and extension TR units 5 and 
15 are similar in many respects. Each in- 
cludes a carrier frequency generator and a 
carrier frequency receiver. Furthermore, the 
extension telephone 12 may be a conventional 1 10 
phone which couples to the extension TR 
unit via lines 16 that carry relatively low 
l evel voltage, voice, ring, dial, etc signals 
between the extension phone and the tele- 
phone line to enable all uses of the extension 1 1 5 
telephone described herein and all uses which 
are normally available to a conventional ex- 
tension telephone. 

The extension telephone such as 12 in con- 
nection with the subscriber's telephone line 120 
as shown in Fig. 1 can be installed easily 
in any subscribing home or business location 
where ordinary AC power outlets are avail- 
able. There is no limitation on the number 
of extension phones that can be employed 125 
on the AC power line at any one time. The 
only limitation might be the length of the AC 
power line and the number of loads that can 
be imposed on the line at any one time which 
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The extension station TR unit 15 and 
extension telephone 12 are shown in Figure 
3 with the major circuits thereof in blocks. 
The master carrier frequency in the AC power 
tae is fed to the extension coupling network 
41 via plug 20 and Ac power line 19. From 
die coupling network 41 the master frequency 
10 is fed to the diplexer unit 42 where it 
separated from the extension frequency and 
fed on line 43 to the master carrier fre- 
quency receiver and demodulator 44. Thus, 
the output of the demodulator 44 consists of 
13 voice signals equivalent to the voice signals 
on the subscriber's telephone line 1 and ring 
signals representative of the ring signals on 
the subscriber's telephone line 1. These voice 
signals are amplified by amplifier 45 and 
w applied to the earphone circuits 46 which 
energize the earphone 47 of extension tele- 
phone 12 through one of the lines 16. 

Similarly, the ring signal in the output of 
demodulator 44 is amplified by amplifier 48 
and fed to ring detector circuits 49 which 
control energization of the extension telephone 
bell or buzzer 51. This bell may be located 
within the extension TR unit 15 or it may be 
located in a conventional manner in the ex- 
30 tension telephone 12. 

The signals which originate at the exten- 
sion telephone 12 include the extension cradle 
switch signal from the extension cradle switch 
« 5 ?> ™ e extension dial signals from the exten- 
« sum dial 53, the extension voice signals from 
the extension microphone or mouthpiece 54 
and the extension transfer/hold signal from 
the transfer/hold switch 55 of the extension 
40 These . are fed to corns- 

w pondingly named circuits 62 to 65 in the 
extension TR unit. The outputs of circuits 
I? 65 "* ^u^ed by amplifier 66, 

67 and 69, respectively, and the outputs of 
tnese are combined by summing circuit 71 
and amplified by variable gain amplifier 72 
The voice signals from extension microphone 
34 are amplified by microphone circuits 64 
and fed to variable gain voice band amplifier 

Oo. 

50 Amplifiers 68 and 72 are preferably vari- 
able gain amplifiers so that the gains thereof 
can be adjusted in view of the attenuation 
a A^ extension P hone ^er frequency in 
me AC power line between the extension 

^ station and master station. These outputs of 
amplifiers 68 and 72 are combined by sum- 
ming circuit 73 and fed to extension carrier 
frequency modulator and transmitter 74 The 
output of transmitter 74 carrying modulated 
60 extension earner frequency is fed to diplexer 
unit 42 wherein it is separated from the 
master carrier frequency and then fed to the 
coupling network 41 for coupling to the AC 
power wires via power line 19 and plug 20 
65 Additional details of the master TR unit 



5 including a few slight variations of the sys- 
tem shown generally in Figure 2 are shown 
in Figure 4. The circuits and components 
shown in Figure 4 which are or may be the 
same as the circuit blocks shown in Figure 70 
2 which make up the master unit, bear the 
same reference numbers. Figure 4 does not 
show the transmission network 21, but rather 
shows in detail the terminals of the conven- 
tional transmission network of Fig. 7 as it 75 
may be used in the master unit. This parti- 
cular transmission network is identified as the 
ITT type 75335-1 which is pan of a great 
many conventional telephone hand sets in 
current use. go 

The outputs of transmission network 21 
shown in Figure 4 are the RING terminals 
and the MIC terminals. The RING ter- 
minals are terminals G and L, to which the 
ring detector circuits 22 in the master unit 85 
are connected. These ring detector circuits 
include a full wave rectifier diode bridge cir- 
cuit 81 to which the terminals G and L t of 
the transmission network are coupled via 
capacitors denoted Cr. The output of this 90 
bridge is connected to the input of the ring 
signal threshold detector 82 which includes 
a smoothing filter and the output of this de- 
tector is applied across the coil 84 of a 
normally opened solenoid relay with contacts 95 
85. When these contacts dose, they connect 
the output 83 of the 1,000 Hz tone oscillator 
86 to the input of variable gain am plifier 25. 
This amplifier preferably operates over a 10% 
band centered at a convenient ring tone fre- 100 
quency such as 1,000 Hz. The sain of this 
amplifier is controlled by variable potentio- 
meter 25'. * 

The MIC terminals of the transmission 
network, denoted R and B connect across the 105 
primary coil of transformer 87 which is the 
equivalent of the microphone circuit 23 shown 
in Figure 2. The secondary of this trans- 
former connects to the input of variable gain 
amplifier 24 which preferably operates over HO 
the voice frequency range 300 to 3300 Hz. 
The gain of this amplifier is controlled by 
variable potentiometer 24'. 

The outputs of amplifiers 24 and 25^ are 
fed to algebraic summing circuits 26 which 115 
combine the ring tone signal of 1,000 Hz and 
the voice signals which lie in the band 300 
to 3300 Hz and these combined signals are 
fed to the master carrier frequency modulator 
and transmitter 27. This modulator consists 120 
of a variable frequency oscillator 88 which 
is centered at a frequency substantially higher 
than the telephone line frequencies and higher 
than frequencies normally appearing in the 
AC power wires. For example, this frequency 12s 
may be 240 QKHz. The output of this oscill- 
ator is amplified by class A power amplifier 
89 and fed to the high pass filter 90 in di- 
plexer unit 28. This high pass filter has a 
3 db cut off frequency of 200 KHz. Thus, 130 
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from circuit 111 that sets the flip- 
flop 110 to the "zero" state. 
At t 2 — the extension handset is lifted from 
its cradle. 

At fj — the extension transfer/hold button 

is momentarily depressed. 
At u— the extension handset is returned 

to its cradle. 
At t*— the extension TR unit is unplugged 

from the AC power line — (and is 

moved) 

At f«— the extension TR unit is plugged 

into the AC power line. 
At t T — the extension handset is lifted from 

its cradle. 

At t 9 — the extension handset is returned 
to its cradle. 



This sequence of events shows that the 
master unit transmission network 21 is 

20 coupled to the subscribers telephone line upon 
answering the extension phone and remains 
coupled after die transfer/hold button is 
actuated even when the extension is un- 
plugged fran the system, moved and then 

25 plugged in again. 

The d fri pulse circuits 36 in the master 
unit in Figure 4 consist of variable gain 
amplifier 104 amplifying the signals from 
ainpltfW 35 andtne dial pulse decoder (en- 

30 vdope detector) 107. The amplifier 104 oper- 
ates over a narrow band centered at the 3,000 
Hz dial pulse tone and selectively amplifies 
only the dial pulse tones appearing in the 
output of amplifier 35. The decoded dial 

35 pulse tone, consisting of dial pulses, appears 
in the output of this decoder and is applied 
to the solenoid 121 of relay switch 123. The 
switch 123 in this relay is normally closed 
and so each dial pulse causes the switch 123 

40 to momentarily open. Since this switch con- 
nects to the DIAL terminals F and RR of 
the transmission network 21, the dial pulses 
are applied to the network and from the net- 
work to the subscriber's telephone line 1 

45 via die master connector 4. Thus, all signals 
originating at the extension telephone are car- 
ried to the master TR unit over die AC power 
wires and decoded to suitable form for 
coupling to the conventional telephone line 

SO transmission network that connects to the sub* 
scriber's telephone line. In this manner, the 
extension telephone is made as effective as a 
conventional telephone on a conventional ex- 
tension of the subscriber's telephone line. 

55 More particularly, the extension telephone 
described is capable of answering and receiv- 
ing incoming telephone calls and conducting 
conversations with the incoming call. It can 
place a call on the telephone line and initiate 

60 a hold position so that the same call can be 
answered also on the master telephone or on 
another extension telephone or so that the 
extension phone answering the call can be 
unplugged, moved and plugged in again to 



continue the call. Furthermore, all these func- 65 
tions can be performed with or without the 
master telephone on the telephone line and no 
action has to be taken with regard to the 
master telephone in order to perform these 
functions. 70 

Additional details of the extension station 
TR unit 15 are shown in the block diagram, 
electrical schematic of Figure 6. As shown 
in this figure, the master carrier frequency 
is coupled from the AC power line through 75 
the RF coupling network 41 which may con- 
sist of two capacitances 131 connected to the 
primary 132 of an RF transformer 133 in the 
direction of incoming master carrier fre- 
quency. The secondary 134 of this trans- 80 
former, in the same direction, includes a 
centre tap to ground. The master carrier fre- 
quency from this transformer feeds through 
high pass filter 135 cut-off at 200 KHz to 
the master carrier frequency receiver and de- 85 
modulator 44. This receiver and demodulator 
consists of a variable gain amplifier 136, a 
low pass broadcast filter 137 and FM de- 
modulator 138. The variable gain amplifier 
136 has a narrow frequency band of opera- 90 
tion centered at about 240 KHz. 

Since the signals that modulate the master 
carrier frequency consist of the 1,000 Hz ring 
tone generated by the tone oscillator 86 in 
the master unit, and the voice signals from 95 
the MIC terminals of the transmission net- 
work in the master unit, the output of FM 
demodulator 138 consists of thpse same voice 
signals and die 1,000 Hz ring tone signal. 
The voice signals in this output are amplified 100 
by variable gain amplifier 45 which energizes 
the earphone circuit 46 that in turn, energize 
the earphone 47 of the extension telephone. 
The circuit 46 may include, for example, a 
capacitance 139 in series with inductance 140. 105 

The ring tone signal in the output oF de- 
modulator 138 is amplified by variable gain 
amplifier 48 which drives the ring and tone 
decoder (ring tone envelope detector) 141 
that energizes the coil 143 of relay switch no 
142. The switch 144 of relay 142 is normally 
open and closes when the ring signal is 
present in the output of the decoder. When 
this switch doses, it turns on the bu zzer 
or bell 51. t , 115 

The extension telephone signals, exclud- 
ing the voice signals from the microphone 54, 
are each converted to a representative tone 
so that each can be distinguished from the 
other at the master unit by die distinguishing 120 
tone. In the extension unit, these tones 
modulate the extension carrier frequency 
which is then transmitted over the AC power 
wires to the master unit. These identifying 
tones are preferably single frequencies, all 125 
within the voice frequency band width. That 
is, they fall within the 30 to 3300 Hz band. 
Furthermore, these tones are selected in view 
of the signal which they are to convey and are 
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phone earphone, and that impcdancr makes 
up the receiver leg of the transmission net- 
work. Varistor 175 limits the output level 
of the receiver leg to levels well below those 
5 which might be objectionable to the user. 

Thus, die transmission network can be the 
same as the transmission network in a con- 
ventional telephone and all the input and out- 
put terminals of that network are provided 

10 with impedances which are equivalent to those 
that are connected to such a network as in a 
conventional telephone. As a result, the sig- 
nal levels and iirr^*"™* imposed on the 
subscriber's telephone line are in all respects 

15 conventional and not particularly distinguish- 
able from the signal levels and impedances 
that would be imposed by a single master 
telephone of conventional design connected 
directly to the telephone line. 

20 WHAT WE CLAIM IS: — 

1. A power line telephone extension sys- 
tem in a subscriber's premises wired with 
AC power wires, comprising a subscriber's 
telephone line entering the premises from a 

25 conventional telephone system, the sub- 
scriber's line including a trip wire and ring 
wire a master station coupled to the trip and 
ring wires and coupled to the power wires by 
a reactive coupling circuit, and an extension 

30 station coupled to an extension telephone and 
coupkd to the power wires, at least one of 
the said stations being arranged to modulate 
telephone signals on to a carrier and to couple 
die modulated carrier into the power wires, 

35 and at least the other of the stations being 
arranged to detect and demodulate the modu- 
lated carrier to reconstitute the telephone sig- 
nals. 

2. A system according to claim 1, wherein 
40 to modulate signals on the subscriber's line 

the master and extension stations are equipped 
and from the extension telephone respec- 
tively on to respective master and extension 
carriers for coupling on to die power wires, 
45 and are equipped to detect modulated carriers 
from the power wires to provide telephone 
signals respectively to die subscribers line 
and the extension telephone. 

3. A system according to claim 2, wherein 
50 the signals from die subscriber's line include 

the ring signal and voice signals, the ring 
signal causes the extension telephone to ring 
and when the extension telephone is answered, 
signals equivalent to the voice signals present 
55 on the telephone line energize die earphone 
of the extension telephone. 

4. A system according to claim 2 or 3, 
wherein die master station includes a con- 
ventional telephone transmission network 

60 which imposes a load impedance on the sub- 
scriber's line compatible with the telephone 
system, the signals carried on the subscribers 
line are coupled from the transmission net- 
work to a master carrier frequency modu- 



lator wherein the telephone signals modulate 65 
die master carrier frequency, and this modul- 
ated master carrier frequency is coupled to the 
power wires at the master location by the 
reactive coupling circuit. 

5. A system according to claim 4, where- 70 
in the signals from the subscribers line are 

die ring signal and voice signals and these 
signals are combined and fed to the master 
carrier frequency modulator. 

6. A system according to claim 5, wherein 75 
die extension telephone includes a bell, a 
handset carrying an earphone and a hand- 
set cradle switch, the ring signal and the voice 
signals which are combined and modulate the 
master carrier frequency and are coupled to 80 
the power wires, are coupled from die power 
wires at the extension location on the power 
line and are fed to a master carrier frequency 
demodulator which produces ring and voice 
signals, means are provided for detecting the 85 
ring signal from die output of the master 
carrier frequency demodulator, means are pro- 
vided for energizing die extension telephone 
bell in response to the detected ring signal, 
and means are provided for energizing the 90 
extension telephone earphone in response to 

die voice signals in the output of the master 
carrier frequency demodulator. 

7. A system according to daim 6, wherein 
means are provided whereby the bell is ener- 95 
gized in response to the ring signal in die 
output of die master carrier frequency de- 
modulator when the cradle switch is actuated 

by the handset, and means are provided 
whereby the earphone is energized by die 100 
voice signals in the output of the master 
carrier frequency demodulator when the cradle 
switch is not actuated by die handset 

8. A system according to claim 7, where- 
in the telephone transmission network, die 105 
means for combining the ring signal and voice 
signals, the master carrier frequency modu- 
lator, and the reactive coupling circuit are con- 
tamed in a unitary package at the master loca- 
tion, and the extension receiver means, the 110 
means for coupling master carrier signals 
thereto, the master carrier frequency demodu- 
lator, die means for energizing the extension 
telephone earphone are contained in a uni- 
tary package at the extension location. 115 

9. A system according to daim 4, wherein 
means are provided at the master location 
for detecting the ring signal from the trans- 
mission network and initiating a ring tone 
signal in response thereto, means are pro- 120 
vided at the master location for combining the 
ring tone signal and the voice signals from 

the transmission network, the master carrier 
frequency modulator responds to said com- 
bined signals, producing in the output there- 125 
of said master carrier frequency, modulated 
by ring or voice signals, and means are pro- 
vided at the extension location responsive to 
the master carrier frequency demodulator for 



detecting said ring tone signals, and the m,7 
put thereof initiates energization die « 
tension telephone bell * Mauon 01 ™e «- 

10. A system as in claim 9, wherein the 

frSS ^ ^ t0ne £ 
£? rin? £ dl ^ V01Ce , « Ml ^""cy band! 
ro rh? g , t0nC r deteaor » ^ned narrowly 
2 rf* t0ne fre< L uenCy ' ■** *e Sod 
10 r« £ i*?* 10116 deteclor is sufficiently TSh 
Jlf P ° rti0n of voice sSs 

fSephoTbS eMlKiZati0n ° f ^ 
4 I!' 10 2h?° fording to any of claims 

K ST* $ieaah carried « the subscribe* 

2 Jo'n wSnT^ to ^ of claims 
«L ^ master and extension 

anTb 0 S eqUenCa l are suostantStySS 
and both ate substantially higher than Ac 

2 to'l? ^""ng to any of claims 

IriL Lj^ * C extcnsion s^ioncS 
E5 S e ^ Cmb « an tele- 
30 m^Ln^^riSj^ ^ means for 
bv*7 ^liu ext f nsion carrier frequency 
oy P e cradle switch signal as also I„ 
toBion dial and voice nSuW Z 

s^tchffii 1? signals and the cradle 
switen signal; and at the master station *Z 
«ension cradle switch sig^Ms £3*1 
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hold signals akTdi^^ m « .^a/ 
and craTsw^tcRign^SS mJ'exSf 

signals; and a master ELtE? *»rf«/hold 
are provided for coupling direrrlt, iT* ™ w 
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